In this study, the levels of salivary IgG1, IgG2, IgG3 and IgG4 from individuals with and without homozygous immunoglobulin heavy chain constant gene deletions were quantified by enzymelinked immunosorbent assay (ELISA). To analyse the restriction of salivary IgG subclasses, we used unstimulated whole saliva and sera collected at the same time from individuals with homozygous gene deletions, two with GI deletion, one with G4 deletion, six with both G2 and G4 deletions and from eight individuals without IGHG gene deletions and expressing all four IgG subclasses. The median values of salivary IgG from individuals with homozygous GI, or G4, or both G2 and G4 deletions, and from individuals expressing all four subclasses were 24-2 mg/l and 234 mg/l, respectively. The median values of serum IgG were 13 7 g/l and 15 9 g/l, respectively. Our results show that the salivary and serum IgG levels were both within the normal range in individuals with homozygous gene deletions of either GI, or G4, or both G2 and G4.
INTRODUCTION
Salivary IgG is divided into four subclasses and may be of both local and systemic origin. In serum, the proportions of IgG subclasses have been reported to be 60%, 31%, 6% and 3%, for IgGl, IgG2, IgG3 and IgG4, respectively.' In saliva, the IgG level is estimated to be approximately 20-30 mg/las compared with the IgA concentration in saliva which is around 100-200 mg/l.2 '3 The constant region of the heavy chains is encoded by one of the immunoglobulin CH localized on chromosome 14. The constant region of the y1, y2, y3, y4, al and cx2 chains are encoded by the IGHG1, G2, G3, G4, Al and A2 genes, respectively. The order of the human immunoglobulin CH genes is the following, 5'-M-D-G3-GI-EP1-Al-GP-G2-G4-E-A2-3.47 Six different, extensive multigene deletions have been described in the immunoglobulin CH locus. The multigene deletions have been designated I to VI, in the chronological order of their being found: deletion I (del G1-EP1-A1-GP-G2-G4), deletion II (del EPl-Al-GP), deletion III (del Al-GP-G2-G4-E), deletion IV Received 4 March 1996; revised 11 June 1996; accepted 11 June 1996. Abbreviations: ELISA; enzyme-linked immunosorbent assay; Ig CH, immunoglobulin heavy chain constant genes.
Correspondence: Dr P.-E. Engstrom, Division ofClinical Immunology (del EPl-A1-GP-G2-G4), deletion V (del GP-G2-G4-E-A2) and deletion VI (del Gl-EP1-Al-GP-G2).5'6'8" '3 In an earlier study, the levels of IgA subclasses were investigated in saliva and serum in individuals with homozygous heavy chain constant Al and A2 gene deletions.3 The salivary IgA concentrations from two individuals homozygous for the deletion III, therefore without IgAl and from one individual homozygous for the deletion V, and thus without IgA2, were at the same level as for the controls.3
In this study, the salivary IgG subclass levels from nine individuals homozygous for multigene deletions (five for deletion III, one for deletion V) or single gene deletions (two for Gl deletion, one for G4 deletion) were investigated and compared to those of eight individuals expressing all four subclasses. To study the salivary IgG subclass distribution, an IgG subclass enzyme-linked immunosorbent assay (ELISA) was developed. The precision of the subclass quantifications was evaluated against the assay to quantify the IgG class levels. The concentrations of serum IgG class and subclasses, from samples taken at the same time as the saliva samples, were also quantified. MATERIALS 
RESULTS
Quantification of salivary IgG subclass and class levels Salivary IgG subclass and class levels from eight individuals expressing all four subclasses are shown in Table 2 . The median values of salivary IgG subclasses were IgGl 11 2mg/l, IgG2 8 5 mg/l, IgG3 < 2 mg/l and IgG4 4 9 mg/l, whereas the median value of total salivary IgG class levels was 23 4 mg/l ( Table 2) .
Quantification of salivary IgG subclass and class levels was performed in individuals with homozygous IGHG gene deletions, two individuals homozygous for GI deletion, one individual homozygous for G4 deletion, and six individuals homozygous for both G2 and G4 deletion, as shown in Table 1 . Five of these six individuals are homozygous for the multigene deletion III, and one is homozygous for deletion V. These nine individuals are lacking the corresponding IgG1, IgG4, or IgG2 Al-GP-G2-G4-E/Al-GP-G2-G4-E Comparing salivary and serum IgG subclass and class levels (Fig. lc) . In contrast, there was an increased percentage of salivary IgG4, as compared with the serum IgG4 0 . (Fig. Id) . Indeed, the geometric-mean percentage of salivary 1 2 3 4 5 6 7 8 IgG3 was below 2%, whereas it was 8 5% for the serum IgG3. IgG4
The geometric-mean percentage of salivary IgG4 (18-4%) was (d) increased by a factor of 4, when compared to that of the serum (d) IgG4 (4-6%).
In individuals with homozygous deletion, increased percentage of salivary IgG4, as compared with percentage of serum 50 IgG4, were also noted in the two individuals with homozygous GI gene deletion (Fig. 2d) . We report the first analysis of salivary IgG subclasses of nine individuals with homozygous IGHG gene deletions. These individuals with different gene deletion haplotypes consist of, two individuals homozygous for GI deletion, one individual homozygous for G4 deletion. Six individuals were homozygous for both G2 and G4 deletion, five of them being homozygous for the multigene deletion III and one individual being homozygous for the multigene deletion V. Our analysis was performed using an ELISA technique. The reactivity of the subclass ELISAs was evaluated against an ELISA measuring total IgG.
The distribution of IgG subclasses in saliva and serum were compared in individuals expressing all four subclasses. The pattern showed a lower proportion of salivary IgG3 with a correspondingly higher proportion of salivary IgG4 in the individuals expressing all four subclasses.
The IGHG4 gene is located downstream of the immunoglobulin CH locus as shown by the order of the genes on the chromosome 5'-M-D-G3-Gl-EPl-Al-GP-G2-G4-E-A2-3'. [4] [5] [6] [7] IgG4 has earlier been reported to be elevated in chronic antigenic stimulation.14-'6 The proportionally elevated, salivary IgG4 may be due to a favoured switch mechanism implicated by a prolonged antigenic stimulation from the huge number of micro-organisms in the oral cavity, around 300 species. ' differences in susceptibility to enzymes, as for IgAl, which may be cleaved by a variety of enzymes from oral micro-organisms. '9 In an earlier study of IgG subclass distribution in secretions, the authors reported a higher proportional contribution of IgG2 and IgG4 in secretions, as compared with the distribution in serum. 20 In that study, they used commercial, radial immunodiffusion for the detection of IgGI, IgG2 and IgG3, and a solid-phase radioimmunoassay for the detection of IgG4. Myeloma proteins were used for the analyses of specificity, which may give erroneous results due to impurities in the myeloma protein preparations.21 In our study, we used an ELISA for salivary quantifications and nephalometer or immunodiffusion plates for serum quantifications. Our results did not confirm the IgG subclass profile with the elevated IgG2 observed by Kim et al. in saliva,20 from individuals expressing all four subclasses. The discrepancy may be explained, by the fact, first we used, for the assay accuracy, saliva from individuals lacking IgGI, IgG4 or IgG2 and IgG4 subclasses due to homozygous IGHG gene deletions, and second that, we compared for the quantifications, the sum of IgG subclasses with the quantified total salivary IgG. The proportion of salivary IgG subclasses in our study is, however, in line with the percentage of IgG subclasses in gingival crevicular fluid,22 indicating that much of the salivary IgGs originate from oral tissues.
In conclusion, this study shows a dichotomy between the salivary and serum IgG subclass profiles, both in individuals with homozygous IGHG gene deletions and those without homozygous gene deletions. It is suggested that the increased proportion of salivary IgG4 is a result of chronic antigenic stimulation in the oral cavity.
In individuals with GI, or G4, or both G2 and G4 gene deletions, no decrease in salivary IgG was found as compared with individuals expressing all four subclasses. The data showed that the salivary IgG levels in these individuals with homozygous G1, or G4, or both G2 and G4 gene deletions remain at the normal level. The normal levels of salivary IgG in these individuals may be due to the ability of the switch mechanism to compensate for gene deletions, where the individuals with homozygous Gl deletion showed increased IgG2 and the individuals with homozygous G2 deletion showed increased IgGl.
